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ABSTRACT

Engineering flight tests were conducted to cvaluate the
performance and flying qualities of the CV-2B airplane, with
special emphasis on takeoff and landing performance in the
short takeoff and landing (STOL) configuration. This test
progranm was conducted by the U. S. Army Aviation Test Activity
(USAAVNTA) , Edwards Air Force Base, California.

Tests were conducted at test sites in Bakersfield, Edwards,
Bishop, Stateline and Coyote Flats, California. The program
consisted of 120 hours of flight testing and was accomplished
during the period 25 August 1963 through 20 January 1964. An
interim report was submitted to the Assistant Chief of Staff
for Force Development, U, S. Army, 9 March 1964,

The test airplane (U, S. Army S/N 62-4173) was modified
from a CV-2 to a CV-2B by the incorporation of the following
major changes:

a. STOL operation capabilities were increased from
26,000 pounds to 28,500 pounds.

b. Reverse pitch propellers were installed.

The STOL performance data obtained during this test
revealed that the Operator's Manual (TM-55-1510-206-10) does
not adequately present STOL procedures or performance for all
combinations of gross weight, altitude and C.G. position.

No significant difference exists betwecen the cruise
performance data obtained during this evaluation and that
found in the Operator's Manual. The Operator's Manual, however,
does not present any level flight data for the ferry gross
weight of 31,300 pounds.

The stall characteristics information presented in the
Operator's Manual for the STOL configuration is inadequate.
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SECT|°N 1- GENIRAL
"CV-28 Performance

Message No. 8-1046, AMCPI-CA, Ilq, U. S. Army 'Matericl

REFERENCES

1.1
I
Command (USAMC), 9 August 1963, subject:
Tests in the STOL Configuration and Tests to Update the Appropri-
ATA-TR~63-4, "Tuakcoff and Landing Capabilitics of the

b,

ate Manuals,"
Caribou CV-2B Aircraft on Unprecpared Surfaces," U. S. Arny
and Stability Tests," U. S. Air Force Ilight Test Center (AFFTC),

Aviation Test Activity (USAAVNTA), Septenber 1963,
¢. Report, AFFTC-TR-60-41, "YAC-1DH Catecgory II Performancc
Report, AFIFTC-TR-60-41, "Appendix III, YAC-1bll Category

November 1960,
Il Performance and Stability Tests,' AFFTC, November 1960,
Technical Manual T!-55-1510-206-10, "Operator's ‘lanual

d.
. 28
AC-1 Aircraft," Department of the Army, June 1962 (Changes No, 1
and 2 incorporated),
- f. ‘lessage STEAV-L 9-3-19, llq, USAAVNTA, 9 March 1964,
subject: '"bata for Usc in Updating the Standard Aircraft
Characteristics Charts for the Cv-2B."
g. ifilitary Specification !IL-F-8785 (ASG) Amendment 4,
"I'lying Qualities of Piloted Aircraft," 17 April 1959,
PWA,01.85, "Specific Cperating Instructions Twin Wasp

h.
05," Pratt and Whitney Aircraft, 1 October 1955,

i. Report AFFTC-TR-6273, "Flight Test Engineering landbook,"
U, S. AFFTC, June 1964,
Performancc Measurencents for Airplanes," U, S. AFFTC, 1948.

Report AFFTC-TNR-12 ''Standardization of Takeoff
Brown Book of Standard Aircraft Characteristics, i, S.
Pratt and

j.

k.
Air TForce, August 1903.
PWA.0I.00, "The Use of Operating Curves,'

1.
Whitney Aircraft, November 1945,

o,




m, Civil Aeronautics Manual 4B, "Airplane Airworthiness;
Transport Categories,'" Federal Aviation Agency, September 1962,

n, Elements of Practical Aerodynamics, Bradley Jones,
John Wiley and Sons, Inc., New York, 1957,

0. Airplane Performance Stabilitﬁ and Control, Courtland
D. Perkins an obext L. llage, ohn Wiley and Sons, Inc., New
York, 1957

p. Principles of Aerodynamics, James H, Dwinnell. McGraw-
11111 Book Company, Inc., New York, 1949

q. Pilot Techniques for Stabilitg and Control Testing,
Lt. Colonel C.B, Doyle, U3NC. est Pilot Training Division,

Naval Air Test Center, 15 March 1955,

1,2 AUTHORITY

Message No, 8-1046, AMCPM-CA, Hq, U.S. Army Materiel Command
(USAMC), 9 August 1963, subject: "Test Directive, CV-2B Perform-
ance Tests in the Short Takeoff and Landing (STOL) Configuration -
and Tests to Update the Appropriate Manuals,"

1.3 TEST OBJECTIVES

The objectives of this flight test evaluation were to vali-
date and to update data for the CV-2B airplane's performance and
flying qualities for entry into the appropriate manuals, The
areas of particular interest were:

a., Takeoff and landing performance while operating in the
STOL configuration,

b. Conventional performance up to the increased ferry gross
weight limit (31,300 pounds).

¢. STOL landing performance while using reverse thrust,

It was evident from previous CV-2 reports (References 1l.1.b,
l.1.c and 1,1.d) that the STOL flying qualities significantly
affect the ahility of the pilot to obtain maximum takeoff and
landing performance, A qualitative stability and control eval-
uation was, therefore, conducted in conjunction with the STOL
performance evaluation, with particular emphasis on the following
items:




a., Effects of altitude, gross weight, and center of
gravity (C.G.) on stability and control characteristics while
operating in the STOL configuration.

b. Ground handling qualities with and without the use of
the reverse thrust propeller mode,

c. Suitability of primary flight controls and cockpit
configuration for STOL operation,

1.4 RESPONSIBILITIES

The U. S. Army Aviation Test Activity (USAAVNTA) was
designated as Executive Test Agency for this flight test
evaluation and as responsible for test planning, test execution,
and test reporting.

1.5 DESCRIPTION OF MATERIEL

The CV-2B '"Caribou" is an all-metal, high-wing, twin-engine,
tricycle-gear, medium troop/cargo transport with short takeoff

and landing capability,

The airplane is designated for

operations from unprepared surfaces.

Power is supplied by two

R-2000-7M2 twin was}. engines equipped with tlamilton Standard,
full-feathering, constant-spced propellers. Each engine is rated
at 1450 brake horsepower (BilP) for takeoff at sea lecvel, The
tricycle landing gear, hydraulically actuated, is fully
retractable, Electrically-operated cargo and ramp doors in the
rear of the airplane are used for loading and unloading troops
and cargo. High lift devices incorporated in the airplane consist
of hydraulically-actuated, double-slotted, full-span flaps, wing

fences and dropped-wing leading edges.

Normal flight crew

consists of a pilot, copilot and crew chief.

Seating for 34

fully equipped troops is provided in the main cabin,

Fuel is

carried in rubberized wing cells that have a capacity of 828

gallons.

The maximum gross weight of the airplane (except for

ferry) is 28,500 pounds.

(Sec Reference 1l.1.,e for additional

detai ls) .

One CV-2B airplane, Serial Number 62-4175, was used for
this evaluation. The basic configuration of the airplane was
standard except for the installation of reverse thrust (propeller)
assenblies. During testing, the external configuration was
standard except for a 4-foot swivel-head airspeed boom mounted
on the nose of the airplane, an outside air temperature (OAT)
probe mounted on the lower right side of the nose, and strain
gages attached to the landing gear struts., The internal
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configuration was standard except for special cockpit
instrumentation and a work table, seat, photo panel and '
oscillograph installed in the main cabin for use by the flight o
test engineer. Ballast boxes located in the main cabin were -
filled with varying amounts of lead to obtain the required

weight and C.G, for each test, See Section 3, Appendix III,

for a listing and photographs of installed test instrumentation,

1.6 BACKGROUND

The CV-2 airplane has been in use by the U, S. Army since
1959, The flying and ground handling qualities of the airplane
have been evaluated and reported upon by the contractor and by
various U, S. Government agencics.

The USAAVNTA was directed by the USAMC on 4 August 1963
to conduct performance tests to validate and update
performance data for entry into the appropriate manuals
(Reference 1.1.a).

Data for use in updating the standard aircraft
characteristics charts for the CV-2B were transmitted by USAAVNTA
on 9 March 1964 to the Assistant Chief of Staff for Force
Development, Department of the Army (DA), Washington, D.C.
(Reference 1.1.f).

1.7 FINDINGS

See Section 2 for a full discussion of test findings.
1.8 CONCLUSIONS

It is concluded that the cockpit configuration, ground
handling qualities, STOL configuration flying qualities and STOL
takeoff and landing characteristics of the CV-2B are suitable for
usc except as stated in this report.

1.8.1 DEFICIENCY

Pitch-up at the stall in the STOL takeoff configuration was
present when the C.G. was in the aft position (Paragraph 2.1.4.2.2).

1.8.2 SHORTCOMINGS

Correction of the following shortcomings is desirable:




a. Control system friction forces are not compatible
with static stability characteristics laragraphs 2.1.4.2.1
and 2.6.4.5).

b. Lateral control effectiveness is too low ncar the
stalling speed in the STOL takeoff configuration (Paragraph
2.1.4.1).

c. Longitudinal control force gradients are only
slightly positive near the stalling speed in the STOL takeoff
configuration (Paragraph 2.1.4.2).

Jd. Longitudinal control power available to effect stall
rccovery is limited with the _C.G. in the aft position in the
STOL takeoff configuration (Paragraph 2.1.4.2,3).

e. Both primary and secondary artificial stall warnings
occur too soon in the STOL takeoff configuration (Paragraphs
2.1.4.4 and 2,2.4,5.5).

f. Stall characteristics information presented in the
Operator's Manual (Reference l.l.e) is inadequate (Paragraph
2.1.4.1).

g. Location of the nosewheel steering control requires
a transfer of primary control effort during STOL takeoffs
(Paragraph 2.2,4.5.3).

h. Longitudinal control forces are too low during
takeoff rotation at aft C.G, positions (Paragraph 2,2.4.3).

i. Lateral control effectiveness is too low during the
STOL climb sequence (Paragraph 2.2.4.5).

j. Low longitudinal control force gradients detract
from pilot "feel" during the STOL climb (Paragraph 2.2.4,5.5).

k. Excessive nose-down pitch trim change is produced as
a result of flap retraction in the STOL climb sequence
(Paragraph 2.2.4.5.6).

1. Operator's Manual (Reference 1l.l.e) does not present
the optimum climb schedule for 22,000 and 31,300 pounds
(Paragraph 2.3.4).



m. No single-engine climb or level-flight capability is
possible while operating at normal rated power at the ferry
gross weight of 31,300 pounds (Paragraphs 2.4.4 and 2,5.4).

n., Operator's Manual (Reference l.l.e) does not present
any level-flight data with the cargo and ramp doors open to
various positions (Paragraph 2.5.4).

o. Effects and methods of obtaining airspeed
stabilization during a STOL approach are not emphasized sufficiently
in the Operator's Manual (Reference l.l.e) (Paragraph 2.6.4.4).

p. Excessive adverse yaw-roll coupling exists with the

\&aps deflected (Paragraph 2.6.4.5).

4. Excessive lateral-directional trimming is required as
a result of deflecting flaps to 40 degrees (Paragraph 2.6.4.5).

r. Sensitive airspeed indicators with increments of
l1-knot intervals should be installed in the CV-2B airplane
(Paragraph 2.6.4.5).

s. "Safe-Flight" indicator installed in the test airplane
is not satisfactory as a primary reference for STOL approaches
(Paragraph 2.6.4.5).

t. Flying qualities in the STOL landing configuration are
generally unsatisfactory and do not enhance the pilot's ability
to obtain maximum performance (Paragraphs 2.1.4.1, 2.6.4.5 and
2.1.4.3.2).

1.9 RECOMMENDATIONS <

a, Studies should be initiated to eliminate the flying
qualities deficiency and shortconings outlined in Paragraphs
1,8.1 and 1.8.2.

b. The information contained in this report should be
incorporated into the CV-2B Operator's Manual at the earliest
possible date.
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SECT|°N 2 “ DETAILS and RESULTS of SUB~TESTS

2.0 INTRODUCTION

The performance and flying qualities evaluation of the
CV-2B airplane in the STOL and cruise configurations was con-
ducted by USAAVNTA during the period 25 August 1963 through
30 January 1964, Sixty-one test flights were flown for a
total of 120 productive test hours,

The performance tests were conducted at conditions stated
in Table 1, unless otherwise specified:

** Climb and level flight tests only

All tests were conducted in non-turbulent atmospheric
conditions to obtain accurate data, All data were obtained
from sensitive instrumentation and hand-recorded or recorded




on photo panel film, Structural gear loads were recorded by an
oscillograph. Thirteen performance parameters were recorded by
the photo panel and seven structural gear loads were recorded
by an oscillograph. The standard pilot's and copilot's
airspeed indicators were replaced with sensitive indicators.,
The complete instrumentation installation weighed approximately
300 pounds.

The design gross weight of the CV-2B is 26,000 pounds and
the maximum gross weight is 28,300 pounds. The CV-2B also has
an allowable ferry gross weight which is 31,300 pounds. The
allowable C.G. travel is a function of gross weight (See
Section 3, Appendix II).

A complete control system rigging check was made in
accordance with the manufacturer's rigging specifications and
tolerances. No control system components were replaced or
adjusted throughout the test program,

The scope of the flying qualities evaluation was directly
related to the requirements of the performance evaluation. Flying
qualities and ground handling characteristics of the CV-2B were y
evaluated only to the extent necessary to complete successfully
the performance tests,

2.1 STALL CHARACTERISTICS IN THE STOL CONFIGURATION

2.1.1 OBJECTIVE

The objectives of these tests were to evaluate the stall
characteristics of the CV-2B airplane and to determine accurately
the winimum safe flying speeds in STOL configurations,

2.1.2 METHOD

Stall tests were conducted at gross weights ranging from
24,000 pounds to 28,500 pounds. Center-of-gravity (C.G.)
positions ranged from the forward to the aft limits for each
representative gross weight. Altitude during the stalls ranged
from 5000 feet to 8000 feet pressure altitude (H ). All stalls
were executed in either the takeoff (T/0) configaration or the
landing (L) configuration. Takeoff and landing configuration
details were as shown in Tables 2 and 3:




* Maximum power available (MPA) was used in all
takeoff configuration stalls since takeoff
power was not available at the altitudes
required for the stall evaluation,

All stalls were initiated from trim airspeeds ranging from
60 to 65 knots indicated airspeed (KIAS) depending upon the
configuration being evaluated. Approach to the stall was executed
by decreasing airspeed at a rate of 1/2 to 1 knot per second to
minimize dynamic effects. Airspeed, altitude and qualitative
pilot comments were recorded during each stall.

2.1.3 RESULTS
Test results are presented in Table 4, Paragraph 2.1.4.4.
2.1.4 ANALYSIS
2.1.4,1 General
In order to obtain maximum STOL performance in the CV-2B,

it was necessary to operate the airplane near the stalling speed
during the landing and taheoff sequence. It was, therefore,




necessary to investigate the stall characteristics of the airplane
prior to conducting maximum performance STOL testing to insure
that airplane flying qualities near the stalling speed were
compatible with operation of the airplane in this flight regime,

llandling characteristics of the CV-2B deteriorated as

E the stall was approached., Lateral-directional control power was
low at the initiation of the approach to the stall and
progressively deteriorated as airspeed decreased so that large
control inputs were required to maintain steady-heading and wings-
level flight attitude. Random rolling, predominantly to the
right, could not be corrected with rudder inputs due to the
positive to neutral dihedral effect characteristics, Rolling was,
therefore, corrected with large lateral control inputs, These
control inputs were tiring to the pilot due to lateral frictional
forces and the lateral force gradient. An increase in lateral
control effectiveness and a reduction in lateral force gradients
in the STOL speed range are desirable.

Airplane yawing to the left was observed as the stall
was approached so that just prior to the stall three-quarters to
full-right rudder was required to maintain constant-heading .
flight, Rudder forces at full deflection were high but were
within pilot capability for the duration of the stall sequence.

Longitudinal control power was adequate as the approach
to the stall was commenced but deteriorated with decreasing
airspeed. Large longitudinal control inputs were required to
obtain desired attitudes as airspeed decreased to within 10 knots
of the stall, No difficulty was experienced in maintaining
longitudinal control of the airplanec.

Airplane stall characteristics information contained in
the Operator's Manual (Reference l.1.e) was not adequate for the
scope of this evaluation since the effect of C.G. position and
varying power levels on stall characteristics was not presented.
It was, therefore, necessary to determine the effects of power
on stalling speeds and on flying qualities near the stall,

The airspeed system in the test airplane was not
calibrated when the airplane was near a stalled condition in the
STOL configuration. Quantitative stalling speed data obtained
in this evaluation are presented in terms of indicated airspeed.
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In accordance with the requirement of Military
Specification MIL-F-8785(ASG), Paragraph 3.6.2 (Reference 1.1.g),
the airplane was considered to be stalled when sudden and
uncontrollable pitching and/or rolling was obtainel or when
minimum usable flying speed was obtained as a result of
longitudinal control power limits,

2.,1.4.2 Takeoff Conf{gyration Stalls

2.1.4,2,1 Approach to Stall

The approach to the stall, at all weights and C.G.
positions tested, was initiated from a trim airspeed of 60 KIAS,
Trim, once set, was not changed throughout the stall sequence.

Longitudinal static stability varied significantly with
C.G, position. Longitudinal control force gradient was positive
with the C.G. in the forward position and was slightly positive
to neutral with the C.G. in the aft position. At all C.G,
positions, longitudinal control force gradients decreased as the
stall was approached. This characteristic coupled with the
longitudinal friction forces tended to degrade longitudinal
control "feel." Correction of this shortcoming to provide
improved stick-free stability at all C.G. positions within the
approved flight envelope is desirable.

2.,1.4,2.2 The Stall

At all weights and C.G. positions tested, the stall
was characterized by uncontrollable rolling and pitching. Airplane
pitch attitude at the stall was 20 to 25 degrees nose high,

With the C.G. in the forward position, the stall
occurred at a control position between one-half and thrce-
quarters aft of the neutral position. The stall was defined by
a roll to the right and a small nose-down pitch, Left lateral
control was not effective in returning the airplane to wings-level
flight. The rolling characteristic associated with the stall is
not considered desirable., Lateral control effectiveness should be
improved in the CV-2B8 so that rolling action, once obtained, can
be quickly and precisely terminated by an application of lateral
control. Longitudinal control was weakly effective throughout the
stall and longitudinal control force gradient at the stall was
slightly positive so that precise longitudinal control inputs were
difficult to execute, Sink rate obtained during the stall was
approximately 500 feet per minute (FPM),
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With the C.G. in the mid position, stall characteristics -
were essentially unchanged from those obtained with the C.G, in
the forward position except that the stall occurred at a control
position between one-quarter and one-half aft of the neutral
position and no visible longitudinal pitching was observed.

With the C.G. in the aft position, longitudinal
characteristics at the stall varied considerably from thoseobtained
with the C.G. in the forward and mid positions. Lateral and
directional characteristics remained essentially unchanged
Approximately 5 knots above the stall, a low-amplitude longitudinal
oscillation with a period of approximately 3 seconds was obtained.
The oscillation was accompanied by a high frequency airframe buffet.
Longitudinal contrcl force gradients at this speed were neutral.
Further reduction in airspeed then produced the stall which was
characterized by a rapid roll to the right accompanied by a nose-
up pitching motion. During the pitch-up the airspeed decreased
3 knots in 1 second below that which was indicated at the
moment of stall. Immediate corrective action was necessary to
preclude entering a dangerous attitude, The pitch-up obtained
in this stall was unsatisfactory, particularly when coupled with
low longitudinal control power. A warning note should be added to
the Operator's Manual (Reference 1,1.e) to describe the stall
characteristics in this configuration., The sink rate at the
stall was approximately 500 to 700 fpm,

2.1.4.2.3 Recovery from Stall

At all weights and C.G. positions tested, recovery
from the stall was obtained by an immediate application of
forward longitudinal control. Airplane response to longitudinal
control application was satisfactory at the forward C.G, position
and was unsatisfactory at the aft C.G, position. Response at the
C.G, position was at such a rate that a period of 3 to 5 seconds
was required to pitch the airplane ncse down through a level
flight attitude with the control yoke positioned near the forward
stop. Improved longitudinal response at the aft C.G. is
desirable.

Longitudinal control, once positioned at the recovery
deflection, was held until the airplane had pitched to a nose-down
attitude of approximately 20 degrees, As airspeed increased
through 60 KIAS, sufficient lateral control power was obtained so
that the bank angle could be corrected. Recovery to level flight
was initiated at 65-70 KIAS by application of aft longitudinal
control. No secondary stall tendencies were observed when
recovering in this speed range.
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2.1.4,3 Landigg Congigpration Stalls

2.1.4.3.1 Approach to the Stall

The approach to the stall at all weights and C.G.
positions tested was initiated from a trim airspeed of 65 KIAS.
Trim, once set, was not changed throughout the stall sequence.

The handling characteristics of the CV-2B during the
approach to the stall in the STOL landing configuration were
similar to those obtained in the STOL takeoff configuration.,
Lateral-directional control power was low at the trim airspeecd
and deteriorated further as airspeed was reduced. Longitudinal
control power was adequate at the trim airspeed but deteriorated
with decreasing airspeed.

In the landing configuration, airplanc excursions
in roll and yaw were not as pronounced as those obtained in the
v3keoff configuration. The longitudinal control force gradient
was slightly positive at the initiation of the approach to the
stall and deteriorated with decreasing airspeed.

No natural aerodynamic buffet was obtained with the
C.G. 'in the mid and forward position; however, with the C.G. in
the aft position, a low-amplitude longitudinal oscillation
accompanied by weak random elevator buffet was obtained as
airspeed decreased to within 2 to 3 knots of the stall, No
difficulty was experienced in controlling this oscillation,

2.1.4.3.2 The Stall

The longitudinal control power available in the STOL
landing configuration was of sufficient magnitude to produce an
aerodynamic stall with the C.G. in the mid and aft positions.
With the C.G. in the forward position, however, the CV-2B
exhibited longitudinal control limited stall characteristics.
Yoke position at the stall ranged from one-quarter aft of the
neutral position with the C.G. in the aft position to full aft
with the C.G. in the forward position.

With the C.G. in the mid and aft positions, the stall
was defined by a rolling to the right, similar to that obtained
in the takeoff configuration, accompanied by slight nose-down
pitching motion. Bank angles of approximately 20 degrees were
obtained prior to commencing stall recovery procedures. Lateral
control effectiveness was low and required large lateral control
deflections. Correction of this shortcoming is desirable. With
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the C.G. in the foiward position, the stall was characterized by
random low-amplitude pitching motions and random rolling motions
in both directions.

Small directional inputs were required to mairtain
steady-heading flight throughout the stall sequence.

As in the STOL takeoff configuration, the slightly
positive to neutral longitudinal force gradient obtained at the
stall was unsatisfactory because pilot '"feel" for control position
and attitude change was degraded.

2.1.4.3.3 Recovery from the Stall

As in the STOL takeoff configuration, recovery from
the stall was obtained by a forward application of longitudinal
control to such a position that a nose-down pitch to an attitude
of approximately 20 degrees nosedown was obtained.

2.1,4.4 Quantitative Test Data /

i In addition to the qualitative stall evaluation
presented in the foregoing paragraphs, the following quantitative
data were obtained:
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Examination of Table 4 shows that an increase in
indicated stalling airspeed occurred in both STOL configurations
as gross weight was increased. There was also a corresponding
variation in the speeds at which artificial stall warning was
obtained. Column 6 lists the stall warning speed as a ratio to
the indicated stalling speed for the particular configuration
and weight. Due to the design of the stall warning system,
secondary stall warning was not activated in the landing
configuration. Primary stall warning ranged from 1.17 V_ to
1,22 Vg in the takeoff configuration and from 1.04 Vg to
1.05 Vg in the landing configuration. Secondary stall warning
ranged from 1,09 Vg to 1.18 Vg in the takeoff configuration,

The artificial stall warning margins obtained were
significant since natural aerodynamic buffeting was either
not obtained in the evaluation stalls or, if obtained, was so
weak that it could not be detected with the artificial stall
warning system in operation.

Both the primary and secondary artificial stall
warning stick shakers were very effective in warning the pilot
of the impending stall. In the takeoff configuration, however,
primary stall warning occurred at higher indicated airspeeds
than required (1.17 Vg to 1.22 Vg). As a result, in the
majority of STOL takeoffs performed, where maximum performance
and flying qualities of the airplane were satisfactory, the
climb sequence through 50 feet was performed with the primary
stick shaker activated. This was undesirable because it was
disccncerting to the pilot. Additionally, the secondary stall
warning shaker, when engaged at 1.09 Vg to 1.18 Vg4, activated
the control column in a low-frequency, large-amplitude
vibration, The amplitude and frequency of the vibration were
very disconcerting particularly when obtained between airplane
lift-off and the climb through 50 feet. The engagement of the
stick shaker was sudden and the résulting control column
vibration was severe enough to mdsk control ''feel' at a
critical point in the takcoff maneuver,

An additional shortcoming of the stall warning system
was observed as a result of the stall warning margin. STOL
takeoffs executed in light turbulence were often accompanied
by momentary stick shaker activation caused by gust action on
the airplane. This was also disconcerting to the pilot as
stick shaker activation was intermittent and could not be
quickly interpreted.
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It is desirable that stall warning margin in the CV-2B
be decreased in the STOL configuration so that the maximum
performance STOL takeoff sequence from lift-off through 50 feet
can be accomplished at the spceds recommended in this report
without stick shaker action,

In the landing configuration, primary stick shaker
speed margin of 1,04 Vg to 1,05 Vg was compatible with the
maximum performance approack speeds recommended in this report
and was satisfactory at all weights and C.G. locations tested.
Use of the approach airspeeds recommended in this report
resulted in no stick shaker action until the landing flare
was commenced, Engagement of the primary stick shaker was very
effective as a warning device and occurred at a margin that
enabled the pilot to correct airplane attitude to regain the
desired approach airspeed without encountering incipient stall
characteristics,

K 2.2 TAKEOFF PERFORMANCE AND FLYING QUALITIES IN THE STOL
N

2.,2,1 OBJECTIVE

Takeoff tests werc conducted to determine the performance
of the CV-2B airplane in the STOL configuration

2.2,2 METHOD

Takeoff tests were conducted to obtain curves of
calibrated airspeed (CAS) at lift-off versus ground roll and
calibrated airspeed at 50 fect versus total distance to an
altitude of 50 feet, Each curve was obtained by conducting a
series of takeoffs with various yoke-pull airspeeds, Different
flap deflections were investigated to determine the optimum
flap setting that would yield the shortest takeoff distance.
During each series of takeoffs, ballast was added as fuel was <
consumed to maintain the test gross weight and C.G.

These tests were conducted over a pressure altitude range
of 500 to 10,000 feet. All takeoff tests were conducted using
takeoff power or maximum power available above the critical
altitude of the engines, A ground operated Fairchild Flight
Analyzer was used to produce a photographic record of time,
horizontal distance and vertical distance for each takeoff, All
takeoff tests were performed in winds of 5 knots or less,
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2.2,3 RESULTS

Test results are presented graphically in Figures 5 through
14, and are summarized in Figures 1 through 4, Section 3, Appendix I,

2.2.4 ANALYSIS
2.2.4.,1 General

Pilot-controlled paramcters that affected takeoff flying
qualities were as follows:

a. Takeoff flap setting.
b, Longitudinal control position during takeoff roll,

c. Longitudinal control application to initiate airplane
rotation.

d, Longitudinal control positioning technique rollowing
lift-off,

Test data indicate that maximum STOL takeoff performance
was obtained as flap settings of 30 degrees for gross weights
less than 26,000 pounds and 25 degrees for gross weights greater
than 26,000 pounds for all C.G., positions and altitudes tested,
The evaluation of various flap settings to obtain the optimum
flap settings was accomplished for all weights with the C.G. at
the mid position. At this C.G. position, variation of the takeoff
flap setting did not produce any significant change in the STOL
takeoff trim settings.

2.2.4.2 Military Specification Compliance

Paragraph 3,.3.11 of Military Specification MIL-F-8785
(ASG) (Reference 1,1.g) specifies that elevator effectiveness
shall not unduly restrict the takeoff performance of the airplane.
The CV-2B failed to meet this requirement. Reference to Table S
shows that minimum nosewheel lift-off speed and takeoff ground
roll distance varied as a function of C.G. position and gross
weight. A comparison of these nosewheel lift-off speeds to the
takeoff configuration stalling speeds presented in Table 4
further indicates that all minimum nosewheel lift-off speeds
obtained were considerably higher than the free «ir stalling
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speeds obtained in the same configuration. These characteristics
indicate that ground effect acting on the stabilizer/elevztor
caused a deterioration in longitudinal control effectiveness.
Consequently, the airplane could not rotate into takeoff attitude
until reaching a speed considerably above the stalling speed,
This characteristic was undesirable because the maximum takeoff
performance of the a1rp1ane could not be obtained.

L. TABLE k»m-eﬂ m

The Operator's Manual (Reference l.l.e¢) does not show
the variation in ground roll takeoff distances that is obtained
with changing C.G. position, The Operator's Manual (Reference
l.1.e) should include this information.

2.2.4.3 Longitudinal Control Force Gradients DuringﬁTakeoff

Longitudinal control force gradients during the takeoff
varied considerably with C.G. position. Approximately 3 to §
pounds of pull force was required to maintain the control yoke
against the aft stop while the airplane was static on the runway
with the engines developing takeoff power. As airspeed increased
during takeoff roll, aft pull force required to maintain a full
aft yoke position increased so that as the airplane rotated the
following estimated pull forces were required using contractor-
recommended trim settings.

a. Heaviest pull force (28,500 po ..as at 31.0 percent
mean aerodynamic chord (MAC‘) -45 pounds.

18




b, Lightest pull force (26,000 pounds at 39,0 percent
MAC) = 10 pounds.

All longitudinal rotation forces obtained during this
evaluation ranged between these extremes, The 45-pound pull force
required in the heavy weight C.G. configuration required
considerable pilot effort; however, because of the short period
of time that the force was required and the fact that no difficulty
was encountered in obtaining takeoff attitude, this force
requirement was acceptable,

The 10-pound pull force required in the 26,000-pound
aft C.G. configuration was too light for adequate pilot 'feel,"
particularly when coupled with the high rotation rates obtained
in this configuration. The light force combined with the high
rate of rotation produced an uncomfortable tendency toward over-
rotation., Longitudinal control force required for rotation
with the C.G. in the aft position should be increased.

Longitudinal control forces required at all weights
with the C.G. in the mid position were approximately 20 pounds
at rotation and were satisfactory.

2.2.4.4 Takeoff Characteristics at Sea Level

STOL takeoff characteristics of the CV-2B at sea level
were evaluated at the following test conditions:

R g o R T
Maximum takeoff performance was obtained when the control
yoke was positioned at the full-aft stop prior to cummencing the
takeoff roll. The control yoke was then maintained at the full-
aft stop until the airplane rotated and lifted off. At this time
the control was repositioned so that a desired climb-out attitude
was obtained. The takeoff performance presented in Figures 1
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through 14, Section 3, Appendix I, was obtained using this
technique. Hereafter in this report this technique will be
referred to as the "'full-aft-yoke technique."

2.2.4.5 Full-Aft-Yokr Technique Takeoff Characteristics

2.2.4.5.1 Pre-Takeoff Checks and Runway Positioning

Pre-takeoff checks were easily completed and the
takeoff checklist was adequate to prepare the airplane for a
STOL takeoff.

2.2.4,5,2 Takeoff Ground Roll

Acceleration was very rapid upon brake release,
Full-aft-control-yoke position was maintained by the copilot,
Minimum rudder effectiveness was 35 = 40 KIAS at all flap
settings. Nosewheel steering was used until the pilot
transitioned from the nosewheel steering control to the control
yoke to commence rotation.

2.2.4,5.3 Transition to Primary Controls

Approximately 5 knots below rotation speed, the pilot
transitioned from the nosewhecl steering control and took control
of the yoke from the copilot, The CV-2B will become airborne
below minimum single-engine control speed and minimum single-
engine climb speed. The shift in primary control, just prior to
STOL flight, was not conducive to continuity of control. To
eliminate this shortcoming and to enable the pilot to retain
control of all primary controls throughout the STOL takeoff
maneuver, incorporation of the nosewheel power steering control
into the rudder pedals is desirable,

2.2.4,5.4 Rotation and Lift-Off

Airplane lift-off occurred approximately 1 to 2 knots
after nosewheel lift-off. Estimated time required for rotation
from nosewheel lift-off to climb attitude was 2 seconds. The
recommended lift-off speeds and speeds at an altitude of 50 feet
are presented in Table 7,

20




*VLO = Calibrated airspeed at lift-off

*
VSC = Calibrated airspeed at 50 feet altitude

*es8y o Noo s Vil

It was determined that use of the full-aft-yoke technique
significantly enhanced the pilot's ability to obtain the recommended
stabilized 50-foot airspeeds because of the simplified yoke
positioning procedure,

Forward yoke deflections required to check rotation
varied with C.G., position., At forward C.G, positions, a forward
yoke deflection to a position of approximately neutral was required.
At aft C.G. positions, a forward deflection to a position one-half
to three-quarters forward of neutral was required, All required
deflections were well within pilot capability and were easily
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